Vascular-streak dieback (VSD, Oncobasidium theobromae) is the most prevalent disease of Theobroma cacao L. in Indonesia. This study aims to analyze resistance mechanism to VSD based on terpene profile, leaf anatomy, chitinase, and peroxidase study. Resistant clones of Sulawesi 1 and Sca 6 and susceptible clones of ICS 60 and TSH 858 were used for terpene profile, leaf anatomy analysis, chitinase, peroxides, polyphenol, lignin, and cellulose analysis. Those clones and KEE 2, KKM 22 and ICS 13 were used for peroxides analysis. For trichome study, the resistant clones of Sulawesi 1, Sca 6, KEE 2, and KKM 22, and susceptible clones of ICS 60 and TSH 858 were used. GCMS analysis showed that chromatogram pattern of resistant and susceptible groups were quite similar, but resistant clones contained 22% more components than the susceptible ones. Resistant clones contained groups of pinene, decane, myrcene, and octadecanoic acid, while those substances on susceptible clones were absent. Trichome was thicker on younger leaf, and its density on the basal was higher than that on the middle and tip leaf parts. Trichome density of resistant clone was not always thicker than that of susceptible ones. On resistant clones, stomatal density was lower and width of stomate pits was narrower, while thickness of epidermis layer and pallisade parenchym were higher. Polyphenol content of resistant clones were higher but lignin and cellulose of both groups were similar. Chitinase activity which has a role in hydrolysis of mycelia cell wall was higher on the resistant clones, but peroxides which has a role in polymeration of lignin biosynthesis was similar between both groups. It is concluded that groups of terpene pinene, decane, myrcene, and octadecanoic acid, thickness of leaf epidermis, density and width of stomata pit, and chitinase activity plays important role in cocoa resistance to VSD. 
INTRODUCTION
Vascular-streak dieback (VSD Oncobasidium theobromae Talbot & Keane) is a serious constrain of cocoa cultivation in Indonesia. Infection on young plants caused death, while on mature plants it can reduce healthy pods and yield. Yield loss due to this disease can reach 70% (Varghese et al., 1992) . VSD is spread by spores in night, and infect young leaves (flush). The mycelia grow and spread to xylem vascular bundle of leaf, invade to petiole and then to branch and downward to stem (Keane, 2000) .
The most effective and efficient method to control this diseases is by using resistant clones. Nowadays, several resistant clones to VSD has been detected, i.e. Sulawesi 1, Sca 6, KEE 2, and KKM 22 on the other hand ICS 60, ICS 13, TSH 858, are susceptible (Halimah & Sri-Sukamto, 2007) . In Malaysia, PBC 123 is resistant to VSD and used as an comparison in testing resistance clones (Kamil et al., 2005) . VSD resistance mechanisms is still not known, and thought related with structural and biochemical resistance. Antixenoxis is a type of rejection of plant to pest and disease (Shodiq, 2009) (Robinson, 1991) , and used as an antiseptic, expectorant, spasmolytic and sedative. Sesquiterpenes has characters of antifeeding, antimicrobes, antibiotic and toxin. Groups of sesquiterpenes are farnesol, metilen -lacton as fungicide (Robinson, 1991) .
Structural antixenoxis can be in form of plant cell wall lignification, injured tissue recovery, leaf hair (trichomes), and wax accumulation in epidermis. Leaf hair affect on laying/fixing of spores, eggs, dehydrated eggs or spores, allelochemical by hair glands (Norris & Kogan, 1980) . Lignification is one mechanisms of plant resistance to fungi, incorporation of lignin into cell wall provides mechanical strength and allow cell wall more resistant to degradation enzymes secreted by pathogens (Goodwin & Mercer, 1990) .
Another chemically antixenoxis is by increasing the synthesis of various proteins that inhibit development of pathogens, such as chitinase and peroxides. Chitinase is pathogen-related protein which will increase with infection in plant tissue. Peroxides involved in processes of oxidation and precursors polymerization of lignin biosynthesis, are compounds that serve as physical barriers to impede growth of fungi. High peroxides activity in plants infected with pathogens is correlated with higher resistance to Sclerotium rolfsii in peanuts (Pudjihartati et al., 2006a) .
This study aims to determine the resistance mechanism of cocoa to VSD, based on terpenoid content, leaf anatomy, activity of peroxides and chitinase, and content of some secondary metabolites.
MATERIALS AND METHOD
Determination of resistant and susceptible clones to VSD was based on Halimah & Sri-Sukamto (2007) and on field observation.
Resistant clones of Sulawesi 1, Sca 6, and susceptible clones of ICS 60 and TSH 858 were used for terpene analysis. Samples of youngest fully grown leaves were dried in oven at 57 O C for 24 hours. After drying, 0.5 g of crushed and weighed dry leaf was extracted with hexan 25 mL, stirred and allowed to stand overnight. The next extract was filtered three times with filter paper then the precipitate was redissolved in 5 mL of hexane and then each 3L of them was ready to be injected to Chromatography Gas. The equipment was GCMS-QP2010S Shimadzu. Column was AGILENTJ%W DB-1, 30 m length, ID 0.25 mm, carrying gas helium, detector FID, column oven temperature 80 O C, injector temperature 310 O C, injection mode split, flow control mode pressure, pressure 16.5 kPa, total flow 40.0 mL/min, column flow 0.50 mL/min, linear velocity 26.1 cm/ sec, purge flow 3.0 mL/min, split ratio 73.0. Chromatogram profile was grouped based on similarity of the retention times, and kind of chemicals were analyzed based on library Wiley 229.
Leaf Anatomy Analysis
Samples of greenish youngest leaves of ICS 60, TSH 858, Sulawesi 1, and Sca 6 were used for leaf anatomy observation. Leaf anatomy variables including the thickness of leaf, epidermis, palisade layer, spongy layer and stomatal density, was conducted in Plant Embryology and Micro technique Laboratory, Biology Faculty of Gadjah Mada University. Transversal section was made by rotary microtome, observation by using Prawoto et al. light microscope at 100 and 400 magnifications.
For trichome density, the observed clones were resistant clones of Sulawesi 1, Scavina 6, KEE 2 and KKM 22, and susceptible clones of ICS 60 and TSH 858 clones. Leaf samples were very young (25% of fully-grown area), young (50% of fullygrown area), full (100% fully-redness), were taken from three plants for each clones. Because each clone had specific leaf size, therefore in this research the leaf size or age of leaf flush was based on the percentage to the full growth of leaf. Trichome preparation by embeding of nail polish on the abaxial and adaxial of leaf samples on the basal, medium and apex part of leaf. After dry, the nail polish was uncovered with transparant cellotape. Observation of the trichomes used light microscope at 100 magnifications. Trichome density was observed 10 times of field of view, then the data was presented as average and standard deviation.
Biochemical Analysis
Peroxides and protein content analysis was observed on Sulawesi 1, Sca 6, KEE 2, and KKM 22 for resistant clones and ICS 60, TSH 858 and ICS 13 for susceptible ones. Youngest and greenish fully-grown leaves were used. Those clones except KEE 2, KKM 22, and ICS 13 were also used for polyphenol, lignin and cellulose content analysis.
Chitinase enzyme activity analysis was carried out by modification method of Mitshuhiro & Motoo (1992) , peroxides enzyme according to Hammerschmidt et al. (1982) , polyphenols, lignin and cellulose content according to Anderson & Ingran (1993) . Samples of peroxides and protein content analysis was observed on youngest and greenish fully-grown leaves, replicated three plants, while for polyphenol, lignin and cellulose content analysis were composites of three plants. Data of peroxides and protein was analyzed using complete randomized design with three replications.
RESULT AND DISCUSSION

Terpenoid Profile
Terpenes is one of the most important components of resin and essential oils of many types of plants. This compound is toxic, and has smell of fragrant and usually used for pharmaceutical industry especially for antibiotics, anti-fungal, and anti-tumor. GCMS results showed that peak number of resistant clones was more than that of susceptible ones. On ICS 60 and TSH 858 (both susceptible) showed 51 and 57 peaks, respectively, while on Sulawesi 1 and Sca 6 (resistant) showed 65 and 67 peaks, respectively (Figure 1 ). Resistant clones contained pinene and decane chemicals, while those chemicals on susceptible clones were absent (Table 1) . Beta-pinene is known as constituent of essential oil and efficacious and enzyme coagulator (Moghtader, 2012) . Terpenoid chemicals which is lipophilic may interfere cell membrane of fungi and dissolve lipids present in cell membrane. Anti-fungal mechanism of terpenoid is supposed by damaging cell membranes and cell walls of fungi. As a result the cell membrane is not fully formed and interfered with the process of osmosis and lead to cell death.
Resistant clones contained octadecanoic acid which is efficaceous the growth of microbes (Warsinah et al., 2011) and in synergistic with other terpenoid compounds to increase its activity of anti-fungal (Padmini 
Leaf Anatomy
Thickness of epidermis and cuticle of resistant clones was greater than that on susceptible clones (Table 2 ). The presence of cuticle deposits on the walls limiting the invasion of fungi into the mesophyll tissue (Nyadanu et al., 2012) . Cuticle layer of cutin is a hydrophobic substance that reduces the attachment of water on the leaf surface and facilitate drying of the leaf surface. Because germination of spores require moist, leaves that remain dry was suspected to help the inhibition of germination of VSD spores. Cuticle on some plants contain fungistatic chemical that are beneficial prevent flow of nutrients from the host plant (Alcerito et al., 2002) .
Another epidermis derivate was stomata, formed by two guard cells. Cocoa stomata was only found on the lower epidermis (abaxial side), kidney-shaped of cell guard, and cryptophore type. Resistant clones had lower stomata density and narrower opening pit width than the susceptible ones (Table 2) . This phenomena was similar with resistance of Arachis hypogea to Phaeoisariopsis personata that stomatal width was narrower than the susceptible varieties (Kusumo, 1996) . Cocoa stomata was thought to be the structural barrier against penetration of VSD pathogens, but the presence only in the bottom surface, then it was doubtful the role in the mechanism of resistance to VSD. The process of some diseases infection was reported through some organs such as hydathoda, lenticel, Palisade is a networking venue for photosynthesis because chlorophyll accumulated in its cells. Palisade cells of resistant clones were thicker than on susceptible clones ( Table 2 ). The cell thickness affect the hardness of leaf mesophyll tissue and on cotton crop it was reported that the cell thickness affect resistance to Empoasca devastant (Shodiq, 2009) . Spongy tissue located below the palisade tissue, composed of parenchyma cells in irregular shape. In this tissue, there is air space and chloroplasts but the number is not as much on the palisade. Thickness of spongy tissue in both groups of cocoa, was not different.
The other leaf organs that thought to be closely linked with the catchment of VSD spores is trichome. Trichome is epidermis derivate and has a role in reducing evaporation. It is an adaptation responce of a clone to dryness and has a role in reducing infection of plant disease (Woelaningsih, 1984) . Cocoa trichome is stellate type, variate in tentacle number but in average has eight tentacles, mostly grow from leaf venae. Trichome on young cocoa leaves including glandular and non-glandular, type of branched hair or star-shaped. Beside reduce evapotranspiration, trichomes has a role in preventing pests and diseases attack (Gairola et al., 2009 ). However, resistant clones had similar number of trichomes as in susceptible ones (Figure 2 ). Among four resistant clones, only Sulawesi 1 showed more trichomes than the susceptible clones TSH 858 and ICS 60. Trichomes on abaxial epidermis was denser than that on adaxial. Thichomes on immature leaves was denser than on mature ones. In association with resistance to pests and diseases, trichomes affect egg or spore laying. Its motion, stick, and toxic effects are allelochemical signs, and barriers (Norris & Kogan, 1980) . This statement is quite logical that the denser trichome inhibit spore laying to the epidermis and inhibit penetration of mycelia into leaf organs. This result was not similar to those expressed by Gairola et al. (2009) 
in Tetradenia riparia.
Trichome has a role as physical barriers for spore trapping and inhibiting spore germination of Uromyces (Martin & Glover, 2007) . Therefore, the more trichome, the less contact frequency of germinated spores to initiate penetration (Chattopadhyay et al., 2011) . Young leaves of cocoa were densely covered with trichomes; however, the density of trichomes progressively decreases with leaf maturity. This suggests that the trichomes were established early in leaf differentiation and their density decreases with leaf development and age.
It was suspected that cocoa trichomes was glandular and non glandular types. Secondary metabolite terpene was synthesized and accumulated on secretory organs Notes (Catatan): data ± standard deviation (data ± simpangan baku). i.e. trichomes (Sangwan et al., 2001) , although it still needs to be studied more deeply if cocoa has glandular trichomes. However, epidermis of young cocoa leaves contained cells which has a role as secretory organ and colored violet or transparant in fresh preparations. Those difference in density between resistant and susceptible clones to VSD is still unknown, hence it is interesting to be explored.
Chitinase and Peroxides
Chitinase is expressed as antifungal protein (enzymes) (Wang et al. cit. Pudjihartati et al., 2006b) . Chitinase activity on resistant clones was higher than that on susceptible ones (Figure 3) . Chitinase is one of pathogenrelated (PR) protein which expression would be increased by infection of the plant tissue. Increasing of chitinase activity has been reported on citrus which was inoculated by Pichia membranefaciens in order to become more resistant against Penicillium italicum and Penicillium digitatum (Luo & Zeng, 2012) . In mango, leaf chitinase and -1,3-glucanase maybe contributing towards resistance to malformation caused by Fusarium mangiferae (Ebrahim et al., 2011) . Chitinase mechanisms in enhancing pathogen resistance was reported in two ways (i) inhibit the growth of fungal hyphae with directly hydrolyze wall of fungal mycelia, and (ii) release of endogenous elicitor which can increase systemic resistance response in the host (Oku, 1994) .
Meanwhile, peroxides activity was not different between two groups of cocoa clones, even on resistant ones the activity was lower than that on susceptible ones (Table 3) . Although peroxides expression were correlated with the onset of induced resistance (Luo et al., 2012) also in peanuts infected with Sclerotium rolfsii (Pudjihartati et al., 2006a) , but for VSD it seemingly did not contribute significantly. Peroxides revealed a role in oxidation process and include cross-linking cell wall polysaccharides lignifications. These compounds have a role as physical barrier to inhibit growth of pathogens (Lagrimini et al., 1993) . In addition, this enzyme catalyzes oxidation phenol compounds to quinone with H 2 O 2 to produce toxic compounds (Do et al. cit. Pudjihartari et al., 2006a) . 
Polyphenol, Lignin and Cellulosa
Cocoa polyphenols in form of flavonoid, consist of 37% monomer of (-) epicatechin and (+) catechin, 4% anthocyanin, and 58% polymer of procyanidin. Flavonoid is secondary metabolite, protects plant tissue damage caused by ultraviolet, pest and disease attack. Asparagus enhanced resistance against Fusarium oxysporum f. sp. Asparagi might be associated with the increase of anti-oxidative ability, and total contents of polyphenol and ascorbic acids (Nahiyan & Matsubara, 2012) . In this study, total polyphenol was higher in resistant clones (Figure 4 ). Polyphenol maybe even higher when the plant was infected with VSD, because most of secondary metabolites were inducible resistance mechanism.
Lignification on cell wall is a form of plant resistance against penetration of pathogens. Lignin located on the middle lamella, primary and secondary cell walls. Increasing of lignin content may inhibit Pudjihartati et al., 2006a) .
The result suggested that lignification was not resistance mechanism on cocoa clones against VSD. Lignin content of susceptible clones was higher than that on resistant clones (Figure 4) . The tendency was similar with peroxides activity (Table 3 ). This result was contrast with Pudjihartati et al. (2006a) in peanuts which concluded that infection of S. rolfsii improved peroxides activity and lignin content in the infected tissues, indicating the more resistant of the genotype, the more peroxide activity in the tissue. Beside lignin, cellulose content in susceptible and resistant clones to VSD were similar, therefore lignin and cellulose content were not important variables in determining resistance of cocoa clones to VSD.
CONCLUSION
Cocoa clones resistant to VSD have 22% more terpenoid components than that of susceptible ones. Resistant clones contain groups of pinene, decane, myrcene, and octadecanoic acid, while those substances were absent on susceptible clones. Trichome was thicker on younger leaf, and its density on the basal was higher than that on the middle and tip of leaf parts. However, the density on resistant and susceptible clones were quite similar. On resistant clones, stomata density was lower and width of stomata pits was narrower. Thickness of cuticula and epidermis layer, and pallisade parenchym were higher on resistant clones. Polyphenol content of resistant clones was higher but lignin and cellulose of both groups were similar.
Peroxides which has a role in polymeration of lignin biosynthesis was similar, but chitinase which has a role in hydrolysis of mycelia cell wall was significantly higher on the resistant clones. It is concluded that groups of terpene pinene, decane, myrcene, and octadecanoic acid, density and width of stomata pit, thickness of epidermis and cuticula layer, and chitinase activity play important roles in cocoa resistance to VSD.
